For the monitoring of oral anticoagulant treatment, the results of the prothrombin time (PT) 3 test should be expressed as the International Normalized Ratio (INR). The INR system was originally developed for the manual determination of PTs and was envisaged for the assignment of a single value of the International Sensitivity Index (ISI) by calibration of each batch of thromboplastin reagent with the manual method. In practice, the manual PT has been almost universally replaced by coagulometers, and several studies have shown that the ISI may differ according to the type of instrument used (1, 2 ) . Some reagent manufacturers have introduced instrumentspecific ISIs, but this does not totally prevent the potential for bias because of the many possible instrument-reagent combinations and because ISIs may differ even among instruments of the same type.
A simplified alternative approach is for laboratories to calibrate their own local systems, using calibrated plasmas (3) (4) (5) . For this purpose, lyophilized plasmas with assigned INRs have become commercially available. With such calibrant plasmas a direct relationship between log(PT) and log(INR) is established by regression analysis. This procedure is also known as the calibrant plasma procedure (CPP) (6 ) . This approach offers the advantage of simple direct conversion of clotting times into INR
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without the need for a system-specific ISI and mean normal PT (MNPT) (7 ) . Several studies have shown that local calibration can considerably reduce interlaboratory variability in INR determination (5, 8 -10 ) , but little is known about the accuracy of the INR obtained by local calibration using lyophilized plasmas (6, 11 ) .
The conventional WHO reference method for ISI determination is based on testing of fresh plasma samples from healthy individuals and patients on long-term oral anticoagulant therapy (12 ) . This method has been used in a multicenter ISI calibration study of Simplastin ® HTF, a new human tissue factor thromboplastin reagent derived from cultured human cells (13 ) .
The purpose of the present study was to compare INRs obtained with the conventional WHO reference method (i.e., using instrument-specific ISIs and MNPTs based on fresh plasmas) with INRs obtained with a local lyophilized CPP. Although the CPP does not require the use of an ISI, the slope of the CPP regression line corresponds to the ISI. We compared the slope of the CPP regression line with the ISI obtained by the conventional WHO reference method. plasma calibrants AK Calibrant (lot no. OU96000) was obtained from Progen Immuno Diagnostika. This was a set containing four lyophilized calibrant plasmas. Calibrant A was a pooled normal plasma obtained from at least 100 healthy donors and calibrated by the German Institute for Standardisation and Documentation in the Medical Laboratory (INSTAND), using the reference plasma of the German Association of Manufacturers of Diagnostic Instruments and Reagents (VDGH) (14 ) . Calibrants B, C, and D were prepared from the plasmas of patients on long-term oral anticoagulant treatment and calibrated using the results of Ͼ200 laboratories participating in an Austrian external quality-assessment scheme [ design of the study All participating centers received detailed instructions for blood collection, handling of thromboplastins and lyophilized plasmas, and determination of PTs. Simplastin HTF was calibrated according to WHO guidelines with rTF/95 used as the reference thromboplastin (12 ) . The calibration was performed on 10 days. On each day, a different set of fresh plasmas (two healthy donors and six patients on long-term oral anticoagulation) was used, together with the same set of four lyophilized calibrant plasmas. Blood was collected with each center's routine system, i.e., commercial evacuated tubes containing 0.105 mol/L sodium citrate (Becton Dickinson Vacutainer System). Nine volumes of blood were mixed with one volume of sodium citrate solution. Citrated blood was centrifuged at a minimum force of 2500g for 10 min at a controlled room temperature. Plasma was transferred to plastic tubes, which were capped and stored at room temperature. Single PT determinations were performed on each plasma within 5 h from the start of blood collection. To minimize the effect of instability of plasma samples and reconstituted thromboplastin reagents, the testing order of reagents was changed from day to day.
Materials and Methods thromboplastin reagents

statistical analysis
For each local system (i.e., combination of Simplastin HTF and clot detection method), an ISI and MNPT were calculated from the fresh plasma results as described in the WHO guidelines, with rTF/95 used as the reference thromboplastin (12 ) . For the CPP, an orthogonal regression line was calculated based on log-transformed mean PTs for the four lyophilized calibrant plasmas from the 10 days of testing (x axis) and log-transformed assigned INRs (y axis).
Orthogonal rather than linear regression was used because there was error in both log(PT) and log(INR). The assigned INRs were the manufacturer's values, the mean INR determined with the manual method and an IRP (rTF/95 or RBT/90), or the mean INR determined with Simplastin HTF and various methods (manual and coagulometers). The latter are referred to as "reagent-specific INRs". INRs for Simplastin HTF were calculated with the fresh plasma MNPT and ISI from the same laboratory. INRs for rTF/95 and RBT/90 were calculated using the established ISI (0.94 and 1.00, respectively) and the freshplasma MNPTs for these reagents from the same laboratory. The mean INRs are shown in Table 1 shows the apparent INRs for the four lyophilized calibrant plasmas. There were considerable differences in the mean INRs for plasmas A and D. The errors in the INRs assigned by the manufacturer were not known. The INR assigned to plasma A by the manufacturer was ϳ10% lower than the mean value obtained with Simplastin HTF. The mean INR for plasma D measured with rTF/95 was ϳ10% lower than the value obtained with Simplastin HTF (manual) and 16% lower than the value determined with RBT/90 (P Ͻ0.01). For Simplastin HTF there was a tendency for higher INRs on the ACL compared with the manual determinations with this reagent. The betweenlaboratory variation in the INRs measured with RBT/90 was greater than the variation in the INRs determined with rTF/95 and with Simplastin HTF (with the exception of plasma A).
Results
The mean values shown in Table 1 were used for the calibration of each local method for Simplastin HTF. Although there were differences in INR between the manual and automated methods for Simplastin HTF, the mean INR for all methods (manual ϩ automated) was used. Table 2 shows the CV for the slopes of the orthogonal regression lines. With a few exceptions, the CV for the lines based on Simplastin HTF reagent-specific values were smaller than the CV for the lines based on values assigned with other thromboplastins. The mean CV were all Ͻ3%.
The relative differences in INR between the conventional calculation using each center's ISI and MNPT based on fresh-plasma testing and the simplified calibration based on the four lyophilized plasmas are shown in Table  3 . The relative differences were calculated for two intensities of oral anticoagulation: one corresponding to low intensity (INR 2) and the other to high intensity (INR 4.5). These differences ranged from Ϫ9.5% to 11% or from Ϫ7.5% to 12.7% for calibration lines with reagent-specific and manufacturer-assigned INRs, respectively. In contrast, the maximum differences for rTF/95-and RBT/90-based calibration lines amounted to 18.1% and Ϫ17.7%, respectively. At both intensities, the mean differences were smallest for the Simplastin HTF reagent-specific calibration lines; i.e., 2.5% and 4.2% for low and high intensity, respectively. (13 ) . The mean ISIs obtained for the manual method and the various instruments are shown in Fig. 1 . The CPP slopes showed a systemdependent pattern similar to that observed for the ISIs determined by the WHO reference method. In all cases, the mean CPP regression line slopes were greater than the corresponding ISIs obtained by conventional calibration against rTF/95. The data used to construct Fig. 1 are not shown here, but the data for the method-specific ISIs obtained by calibration against the IRPs are presented in a table to be published elsewhere (13 ) .
Discussion
In the determination of INR values for the control of oral anticoagulant therapy, lyophilized calibrant plasmas have been proposed as an alternative for the calibration of local combinations of thromboplastin reagent and instrumentation (3) (4) (5) . In the present study, this simplified procedure was based on the use of a commercial lyophilized plasma calibrant set consisting of one pooled normal plasma (A) and three coumarin plasmas (B, C, and D) with assigned INR values. In a previous study it was proposed that the use of reagent-specific INRs for lyophilized calibrant plasmas would provide relatively homogeneous INRs for fresh coumarin plasmas, but the accuracy of the CPP remained to be assessed (6 ) .
We validated the accuracy of the lyophilized CPP for a single thromboplastin reagent (Simplastin HTF). INRs obtained with the CPP method were compared with INRs obtained by the conventional WHO reference method. In the latter method, the reagent-instrument combination was calibrated with use of fresh plasmas and an appro- priate IRP to obtain a system-specific ISI and MNPT. Simplastin HTF is a human thromboplastin; consequently, calibration with the human IRP, rTF/95, is considered as the recommended procedure (12 ) . The multicenter ISI determination for this reagent will be reported elsewhere (13 ) . Our study showed considerable differences among the mean INRs assigned to the calibrant plasmas by the various routes. In agreement with previous observations (16 ), our study also indicated that the INR for a lyophilized pooled normal plasma is influenced by the thromboplastin reagent used. According to the manufacturer of this calibrant set, the assigned INR for plasma A (1.04) was obtained by calibration with a German normal reference plasma. Although the error was not given, this value was ϳ10% lower than the mean INR obtained with Simplastin HTF and rTF/95 (Table 1) . Furthermore, for the manual method, the value obtained with RBT/90 (1.07) was significantly lower than the values obtained with Simplastin HTF and rTF/95 ( Table 1) .
The present study also showed significant differences in INR for the lyophilized coumarin plasmas B, C, and D measured by the three reagents (Table 1) . It is likely that the reagents respond differently to lyophilization-induced changes in the plasmas (i.e., matrix effects). This phenomenon of significant differences in INR values assigned by different reagents was observed previously in a study on INR calibration of lyophilized reference plasmas (17 ) . The authors of that study indicated that single assigned INR values may not be applicable for use with all thromboplastin reagents. The differences with the manufacturerassigned INRs for the coumarin plasmas (Table 1) can be explained by the use of a single consensus value. The INRs for these plasmas were determined for the manufacturer by Ö QUASTA from the results reported by Ͼ200 laboratories (15 ) . Although the laboratories participating in the Ö QUASTA external quality-assessment scheme used different reagents and methods, the overall mean was used as a single INR target value.
We also observed that the precision of the slope of the calibration line relating log-transformed PTs to log-transformed INRs was better with reagent-specific INR values than that with the manufacturer-assigned values or the values obtained with each IRP (Table 2 ). The decreased precision for dissimilar comparisons is most probably caused by an interaction between plasma factors and the thromboplastin reagents. If reagent-specific INRs are used, a total of four pooled plasmas appear to be adequate for good precision of the orthogonal regression line. In this case, the CV of the slope was always Ͻ3%, the upper limit recommended for the established WHO procedure for ISI calibration with fresh plasmas (12 ) .
Finally, for each route of INR assignment, we calculated the difference in INR between the CPP and the established WHO method (Table 3 ). The mean differences were smaller with the reagent-specific values than the differences seen with the manufacturer-assigned or the IRP values. In a few cases, the differences for automated methods were greater than for the manual method, e.g., the ACL (Table 3 ). This may be caused by an interaction between plasma factors and the instrument. The assigned INRs for the lyophilized plasmas with Simplastin HTF varied slightly according to the coagulometer used ( Table  1) .
The slope of the CPP regression line corresponds to the ISI. In all cases, the CPP-derived ISIs were greater than the ISIs obtained by calibration with the established WHO reference method and RTF/95 (Fig. 1) . The cause of this discrepancy is related to the INR differences between the manufacturer (Ö QUASTA) and rTF/95 (Table 1 ).
In conclusion, we believe that a simple CPP using a commercial set of lyophilized plasmas consisting of a limited number of pooled plasmas can be used for local INR determination. However, both the precision and accuracy of such a CPP are better when reagent-specific INR values are used than when INRs are assigned by use of overall mean consensus labeling (Ö QUASTA) and by use of IRPs. This observation may have practical implications, and further field trials to assess the validity of using lyophilized calibrant plasmas with single assigned INR values with a variety of thromboplastin reagents are required.
